We evaluated and measured by high performance liquid chromatography the plasma amino acid levels in 11 female patients with anorexia nervosa during a period of significant loss of body weight, compared with 11 healthy age-matched controls. Total amino acid and total branched-chain amino acid levels were similar in both groups, however significantly higher levels of glycine and ornithine were found in anorexia nervosa patients, as well as significantly lower levels of leucine, tyrosine and lysine compared with controls. The glycine/ valine and phenylalanine/tyrosine ratios were significantly higher in anorexia nervosa patients than in control subjects. The levels and ratios of other amino acids were within the normal range, with no significant differences between the two groups. Changes in the plasma amino acid profile in anorexia nervosa patients can be explained by chronic severe malnutrition and prolonged stress.
Introduction
Anorexia nervosa is an eating disorder characterized by a fear of being fat and a failure to maintain a minimal body weight. It is one of the most common forms of malnutrition observed in Western society, especially among young women and it is associated with an average risk of mortality of 5 -20%. 1, 2 Mortality in eating disorders is predominately related to malnutrition, methods of weight control and suicide. 1, 3 The patients suffer from weakness, loss of muscle strength, loss of bone density and impaired linear growth. 4, 5 Abnormally low serum albumin levels and low weight are the best variables to predict a lethal course. 3 However, hypoalbuminaemia should not be considered a characteristic feature of anorexia nervosa even in the setting of progressive weight loss. The presence of other potentially life-threatening conditions should be sought, as reduced serum albumin concentration is a marker of inflammation in anorexia nervosa. 6 Serum albumin, pre-albumin and transferrin levels are not useful indicators of the nutritional status in anorexia nervosa, 7 hence a number of alternative procedures have been suggested as better indicators of protein 'status'. Most of them are related to plasma amino acid concentrations, as proposed by Arroyave 8 and Whitehead. 9 Both authors postulated that plasma amino S Pálová, J Charvat, J Masopust et al. Anorexia nervosa and plasma amino acids acid concentrations reflect the status of protein metabolism rather than composition of the diet. 8, 9 A few studies have described the amino acid spectrum in anorexia nervosa patients with moderate loss of weight. 10, 11 There is a lack of information, however, on the changes that occur in anorexia nervosa patients with the most severe level of malnutrition, who have an extremely low body mass index (BMI) and during the period immediately after significant weight loss. The aim of our study was to evaluate the plasma amino acid abnormalities in this subgroup of anorexia nervosa patients.
Patients and methods

PATIENT POPULATION
Patients were young women admitted to the Medical Department with a diagnosis of anorexia nervosa during the period 2003 -2006. The diagnosis of anorexia nervosa was based on diagnostic criteria of the American Psychiatric Association Diagnostic and Statistical Manual of Mental Disorders, 4th edn (DSM-IV) 12 and was established in every patient by an experienced psychiatrist.
Inclusion criteria for the study were: (i) an eating disorder diagnosed by a psychiatrist as anorexia nervosa; (ii) significant weight loss during the last 3 months defined as > 10% of body weight and a BMI < 16.5 at the time of admission; (iii) no pharmacological treatment before admission to hospital; (iv) other possible causes of weight loss had been excluded; and (v) written informed consent was obtained from the patient. The study protocol was approved by the Ethical Committee of Charles University, Prague, Czech Republic. Patients with bulimia were not included in the study.
Information on loss of body weight was collected by obtaining an objective history from family members which, in most cases, was one of the parents. The BMI was calculated as the body weight divided by the square of the height (kg/m 2 ).
The control group consisted of young slim women matched for age and level of physical activity. They were medically healthy and had no signs or history of eating disorders.
STUDY METHODS
Blood samples for laboratory analyses were taken at admission between 6:30 and 7:30 a.m. after an overnight fast. Anthropometric (BMI) and biochemical parameters were examined on the same day. The panel of laboratory tests included C-reactive protein, white blood cell count, renal and hepatic function, fasting blood glucose, cholesterol and triacylglycerols. Only patients who had laboratory results within the normal limits were included.
Serum albumin, pre-albumin and transferrin levels were also examined on admission. Measurement of these parameters, which were used to evaluate nutritional status, was also performed for the control group.
EXAMINATION OF AMINO ACID LEVELS
Samples were collected in tubes containing ethylenediaminetetraacetic acid (EDTA) and placed on melting ice. Plasma amino acid concentrations were measured by high performance liquid chromatography (HPLC) with a fluorescent detector (Waters, Munich, Germany). Deproteinization was performed by adding 100 µl of 4% sulphosalicylic acid (Pliva-Lachema, Zagreb, Croatia) with homocysteic acid (18.4 mg/l) to 100 µl of plasma. Homocysteic acid (Sigma-Aldrich, Prague, Czech Republic) was used as an internal standard. The sample was mixed thoroughly and centrifuged for 5 min at 4000 g. S Pálová, J Charvat, J Masopust et al.
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The chromatographic conditions were maintained and the elution programme performed according to the manufacturer's instructions. Amino acids were quantified after calibration with a standard solution and internal standard correction. Samples were analysed within 1 week of sampling and the results expressed in absolute values (µmol/l) as the median for the patients and reference values. We calculated the sums of the total, essential and non-essential amino acids.
The following ratios between certain amino acids or groups of amino acids that are metabolically related were determined: the phenylalanine/tyrosine ratio (indicative of a catabolic condition); the glycine/valine ratio (indicative of protein malnutrition); and the Whitehead ratio 9 of nonessential/essential amino acids.
STATISTICAL ANALYSES
Clinical data were compared using a twotailed Student's t-test and are presented as mean ± SE. Since plasma amino acid concentrations were not normally distributed, a non-parametric t-test (Mann-Whitney test) was used. A 95% confidence interval was calculated and a Pvalue < 0.05 was considered as statistically significant.
Results
From January 2003 to July 2006, 21 patients admitted for anorexia nervosa and severe malnutrition were examined. Eleven patients (52%) fulfilled the inclusion criteria for the study. Baseline characteristics of the anorexia nervosa patients and healthy controls are shown in Table 1 . Apart from the BMI, there were no significant differences between the two groups.
Plasma levels of total amino acids, total branched-chain amino acids, total essential amino acids and total non-essential amino acids were similar in both groups ( Table 2) . We found significantly higher levels of glycine (P = 0.01) and ornithine (P = 0.03) and significantly lower levels of leucine (P = 0.004), tyrosine (P = 0.02) and lysine (P = 0.02) in the anorexia nervosa patients compared with the control subjects. Values for leucine and tyrosine were lower in the anorexia nervosa patients than the reference values. Glycine/valine and phenylalanine/ tyrosine ratios were significantly higher in the anorexia nervosa patients than in the control subjects (P = 0.003 and P = 0.015, respectively). Levels and ratios of all other amino acids were within the normal range and there were no significant differences between the two groups. S Pálová, J Charvat, J Masopust et al.
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Discussion
Mild hyperaminoacidaemia has been described in patients with anorexia nervosa in some studies. 10, 11 Significantly higher plasma concentrations of taurine, asparagine, glutamine, glycine, methionine, phenylalanine, ornithine and histidine; and significantly lower concentrations of cystine and arginine have been recorded in anorexia nervosa patients compared with healthy controls. 10, 11 In our study, we did not confirm this observation, however, the glycine/valine and phenylalanine/tyrosine ratios were significantly higher in the anorexia nervosa patients than in controls, confirming previous reports. 10, 11 In contrast to previous studies, our anorexia nervosa patients had lower BMIs and suffered from recent significant weight loss. Our results, therefore, probably reflect plasma amino acid changes resulting from the most serious level of malnutrition.
A high glycine/valine ratio suggests that patients were experiencing not only energy restriction, but also protein deficiency. Glycine is a precursor for the formation of numerous essential biological compounds, such as purines, porphyrins, creatine, S Pálová, J Charvat, J Masopust et al. Anorexia nervosa and plasma amino acids glutathione and others. 13 Glycine is unavailable for reuse after its incorporation into most of these compounds, hence demand for this amino acid may exceed its rate of synthesis under stressful conditions. This might be true during periods of low dietary protein intake, when the availability of nitrogen for dispensable amino acid synthesis may be severely reduced. 14, 15 Nevertheless, the plasma glycine level was increased in our anorexia nervosa patients. This observation could be explained by its increased uptake and increased de novo synthesis during chronic food deprivation. 16, 17 The branched-chain amino acids valine, isoleucine and leucine constitute 40% of the essential amino acid requirement because they are precursors for the synthesis of proteins and fatty acids, and they also act as regulators of protein turnover and insulin release. 18, 19 The concentrations of all three branched-chain amino acids are highly interrelated because they are derived from dietary protein intake or from the catabolism of muscle, and they are transaminated by the same enzyme. The activity of this enzyme is increased by starvation and decreased by protein deprivation, thus causing a corresponding increase or decrease in blood concentration of valine, isoleucine and leucine. 18 In a study by Kurpad et al., 20 splanchnic leucine uptake in undernourished subjects was significantly lower than in well-nourished controls during fasted and fed phases. Low levels of leucine can occur in anorexic patients who undertake increased physical activity because of the increased need for leucine in combination with the dietary restriction. 21 Boirie et al. 22 demonstrated that the splanchnic uptake of lysine was positively correlated with BMI, and this may partly account for the lower splanchnic uptake seen in chronically undernourished subjects with a low BMI. 22 Although endogenously synthesized amino acids, such as glycine and tyrosine, are conventionally regarded to be nonessential in the diet, they are essential for metabolic homeostasis because they serve a critical role as precursors for the formation of numerous peptides and metabolites that are essential for survival. 12 The aromatic amino acid tyrosine is endogenously synthesized from the essential amino acid phenylalanine. Tyrosine has been shown to be a significant component of the positive acute phase proteins synthesized by the liver. These proteins participate in the host defence mechanisms, and their rates of synthesis increase several fold under stress. 15 Besides its participation in protein synthesis, tyrosine is involved in at least three other specific biochemical pathways, namely synthesis of melanin, adrenal catecholamines and thyroid hormones. 23 Low levels of tyrosine can be due to reduced oxidation of tyrosine from phenylalanine. 24 In conclusion, we demonstrated that the glycine/valine and phenylalanine/tyrosine ratios were significantly higher in anorexia nervosa patients compared with healthy young women. Our results suggest that these parameters were characteristic of anorexia nervosa patients with severe malnutrition during the starvation phase of the disease. The elevated glycine/valine and phenylalanine/tyrosine ratios were in accordance with other published data and could serve as useful and sensitive indicators of amino acid changes in patients with anorexia nervosa in clinical practice.
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